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Natural Gas as a Transportation Fuel
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Compression Vehicle Fueling
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' Current Market

26 million CNG vehicles, 31,000 fueling stations globally

Asia-Pacific 18,420,306 18,657
Europe 1,863,167 4,824
North America 205,000 1,923
Latin America 5,621,350 5,480

Africa 256,599 208




’ Fleet Growth

Currently have about 400 CNG vehicles in Oregon T large
growth potential

CNG vehicles worldwide has grown annually at 30% for the
past five years, anticipated to grow at a CAGR of 11.9%
between 2018 and 2026



' Some Local CNG Headlines

UPS added 700 new CNG vehicles in 2018
LA Metro awarded contract for 295 CNG buses in 2017

Pennsylvania building/expanding infrastructure at 29
transit locations to support 1,600 CNG buses state-
wide

Houston METRO Celebrates 10
Million Miles of CNG




' Some Global Headlines

India unveiled CNG infrastructure plans: 10,000
stations over the next 10 years to help obtain 50%
CNG vehicles by 2030

Belgium has 100 CNG stations, projected to be
170 by 2020

900 CNG stations in Germany, 150 more coming
In the next 3 years



’ R/CNG Emissions Testing

UC Riverside recently performed real-life CNG emission
testing (April 2018)

Tested Cummins/Westport Low-NOx engine (12 liter,
400hp)

Current EPA/CARB NOx standard is 0.2 g/bhp-hr

The engine averaged between 0.0012 and 0.02 g/bhp-hr
(90-99% lower)




Future Target
90% reduction
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Eg. One low-NOx R/CNG bus = 125 New Flyer pre-2007 diesel buses




’ CNG Fueling Infrastructure

. NW Natural
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‘ Public
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Responses ranged from definitely yes (if a public station
were there) to not interested

Partnership with the existing cardlock station could be a
possible
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Common themes were cost of trucks,
and cost of fueling station (private)

Regions where CNG is successful
have significant funding available

NW Natural is exploring funding =
options that have worked well Photo source truckinginfo.com
elsewhere that do not require state

funding




Renewable Natural Gas
(RNG)



Waste from food, animals, and people is gathered for
e natural gas ( RNG ).

conversion into renewab

The waste materials are digested by
microbes, which produces methane.




Methane is extracted from the gas mixture
and is now called RNG. It is injected into
existing natural gas distribution lines.

The gasline delivers the renewable natural gas
to communities.

The renewable natural gas is compressed and
filled into clean burning natural gas vehicles.




'Annual RNG Technical Potential

Oregon: 48 BCF

m \Wastewater Treatment
Plants

m Landfills

m Dairies

Municipal Solid Waste

m\Wood and Agricultural
Residues”

Total OR annual natural gas consumption: 236 BCF
Total NWN annual natural gas sales: 69 BCF

(1) AWood and Agricultural Residueso is defined diff er enmtyland sebopdarg mifi reseues, and residuaes deft &ter lodging opegadonse(e.q, krédey cutiomkideld and kefson the gooand). wa s t

It assumes a large amount (35%-50 %) i s | eft on the forest floor to fhipafivwiv.arel.gov/dcs/6/140st/60¢78.pdf#f NRELCBioenergysDatabass, &).$.rEPALHOR atabaskaQregon DEQ Material

Recovery and Waste Generation Survey, Oregon Department of Agriculture, and Oregon Department of Energy.
D


https://www.nrel.gov/docs/fy14osti/60178.pdf

’ RNG Value Sharing

RNG used in vehicles creates value from RINs nation-wide

RNG used in Oregon vehicles creates value from the
Oregon Clean Fuels Program

This value can be shared with

Commodity cpst



